eStimatiNg age at death iN adultS from degeNerative chaNgeS iN the SterNal eNd of the clavicle -prelimiNary reSultS uSiNg a bayeSiaN approach abstract: Age estimation of adult skeletal remains is still a very uncertain procedure. this study represents an attempt to decrease the estimation error associated with adult age estimation in a forensic context, by using alternative bone indicators and statistical approaches. A sample of 91 known-age adult skeletons (47 females and 44 males) from the spitalfields skeletal collection housed at the natural History museum in London was used. Five age-related variables were assessed on the sternal end of the clavicle: microporosity (<1mm); macroporosity (>1mm), sclerosis; new bone formation and marginal lipping. Ages where categorized in ten-year intervals and multinomial regression was used to estimate the probability of an individual being in a certain age interval conditional on the observed data (skeletal indicators). Results presented here are considered preliminary and illustrative of alternative skeletal indicators for age estimation in adults using a Bayesian approach.
Introduction
estimating age at death of adult skeletal remains has been one of the greatest challenges in anthropological research. most existing methods fail to provide an accurate estimate, particularly in individuals over 40-50 years of age (eg. Brooks and suchey, 1990) . In addition, the various methods have been developed over a limited number of anatomical locations, such as the pubic symphysis, the auricular surface or the sternal end of the ribs. Alternative sites have potential to provide additional age-related changes. the only two studies that uses the clavicle to estimate adult age at death were conducted by De Palma (1957), whi described changes in the articular discs of the sternal end; and miles (1999) who established a five grade categorization for age related changes for the acromial end. In this study we test the accuracy of age estimation using the degenerative process occurring at the sternal end of the clavicle. the results presented here are only preliminary, and are part of a larger study that comprises several collections of identified skeletons. the remaining data is still being collected, and it is hoped that the larger sample allows us to achieve more satisfying results in order to obtain a new and more reliable methodology to estimate age at death.
Goals
this study comprises two main goals. the first is to assess the association between age and degenerative changes in the sternal end of the clavicle. the second goal is to test the adequacy of a Bayesian approach (multinomial regression) to model our data for predictive purposes. materials and methods ninety one skeletons (47 female and 44 male) from the spitalfields collection of skeletons, housed at the natural History museum in London, between the ages of 30 and 91( Figure 1 ). All the clavicles were observed macroscopically using a 5x magnifying glass, and all were photographed. Five age-related variables were assessed: microporosity (<1mm); macroporosity (>1mm), sclerosis; new bone formation (nBF) and marginal lipping. the first four variables were recorded according to the percentage of surface affected (0 -0%; 1 -1-24%; 2 -25-49%; 3 -50-74%; 4 -75-100%) and marginal lipping was recorded according to the size of the osteophytes. spearman correlation and multinomial Regression was undertaken using the statistical package sPss 17.
Data Processing
Age was transformed in 10-year classes (starting at 30 years old). observations in percentage were coded as explained above, however, we were not able to use this initial recording because there were too many zero cells, i.e. dependent variable levels by subpopulation with zero frequencies, so we were forced to find a new coding that reduced the number of stages in each variable and combined them with others in order to be better suited with the reality of our data. For example for microporosity the final encoding was: 0 -no changes; 1 only microporosity (regardless of the percentage); 2 -0-24% of micro along with any other change; 3 -over 25% of micro along with other change. A score variable (similar to the one used by Buckberry and chamberlain, 2002) was also calculated as the sum of the codes for each variable. this variable was also encoded: 1-when sum was 0, 1 or 2; 2-when 3, 4 or 5; 3 -when 6, 7 or 8. this new variable was used to test if age progression could be better explained by a combination of variables. Figures 2 and 3 show that there is a tendency for higher scores to be associated with elderly individuals.
Results and Discussion
table 1 shows that the variables are differently correlated with age. Although in females almost all variables (lipping is the exception) have a significant correlation with age, the three significant correlations in males (sclerosis, nBF and score) have a stronger correlation coefficient, although in none of the cases the correlation is higher than 0,540. these results rule out lipping as an important variable. using multinomial Regression three steps were taken: the first step was to test whether the male and female models were statistically significant, our hypothesis were: h0: the model is not statistically significant vs. h1: the model is statistically significant the model obtained for males includes only one of the measured variables (sclerosis) and the score. table 2 shows the statistical results that allowed us to accept the model. G 2 (25)= 31,821; p=0,007, so we reject H0 and, therefore conclude that at least one independent variable has significant influence on age.
the model obtained for females includes three measured variables (microporosity, sclerosis and nBF) (table 3) . A parallel analysis to this model tells us that the it is also significant (G 2 (35)= 61,384; p=0,004) (table 2) .
Looking at the male and female models we can see that the male model has lower AIc/BIc values which mean that the final model obtained is better adjusted then the null model in the male group. A second step was to test whether the model fitted the data, in this case the htpothesis were: h0: the model fits the data vs. h1: the model does not fit the data):
H0 is not rejected neither in the male nor female model, meaning that it fits the data in both sexes, in both statistics calculated (Deviance and Pearson). (more detailed results are not shown).
A third and final step was to calculate the multinomial regression model for each sex and age class. We obtained 12 regression formulae. the formulae for females and age class 2 (40-50 years) is shown in figure 4 .
Conclusion
Although the data collection is not complete, results indicate that there is some potential in this new method. Both models were found statistically significant, and the correlations were also significant (especially in females). At this stage the method seems to work better in females, which in our opinion, is to be expected, since we hypothesize that women in the sample experienced more homogenous activity levels (most were housewifes) than men, thus possibly reducing the effect of environmental factors related to activity. We expect that with the future three-fold increase in data, some of these difficulties will be overcome and the models will be more accurate. 
